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The neutral kaon system offers a unique possibility to perform fundamental
tests of CPT invariance. In this contribution the KLOE prospects for the mea-
surements of CPT violation in the context of the Standard-Model Extension
are presented together with a full description of the analysis method needed
and with the perspective given by the KLOE-2 data-taking campaign.
1. The KLOE experiment
The KLOE experiment operates at DAΦNE, the Frascati φ–factory.
DAΦNE is an e+e− collider running at a center of mass energy of ∼1020
MeV, the mass of the φ meson. Positron and electron beams collide at an
angle of π-25 mrad, producing φ mesons with small boost in the orbit plane
(px(φ) ∼ −15 MeV).
The KLOE detector consists of a large cylindrical drift chamber (DC)
surrounded by a lead-scintillating fiber electromagnetic calorimeter (EMC).
A superconducting coil around the EMC provides a 0.52 T axial field. The
DC1 is 4 m in diameter and 3.3 m long and has 12,582 all-stereo tungsten
sense wires. The chamber shell is made of carbon fiber-epoxy composite
and the gas used is a 90% helium, 10% isobutane mixture. These features
maximize transparency to photons and reduce KL→KS regeneration and
multiple scattering. The position resolutions are σr,φ∼150 µm and σz∼2
mm. The momentum resolution is σ(p⊥)/p⊥ ∼ 0.4%. The calorimeter2 is
divided into a barrel and two endcaps, and covers 98% of the solid angle.
The modules are read-out at both ends by photomultipliers, both in am-
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plitude and time for a total of 2440 cells per side arranged in five layers.
Cells close in time and space are grouped into calorimeter clusters. The
cluster energy E is the sum of the cell energies. The cluster time T and
position ~R are energy-weighed averages. Energy and time resolutions are
σE/E = 5.7%/
√
E(GeV) and σt = 57ps/
√
E(GeV)⊕ 100 ps, respectively.
Actually KLOE has already acquired 2.5 fb−1 of data and a new exten-
sive campaign of data taking is starting aiming at an integrated luminosity
of 25 fb−1.
The cross section for the process e+e−→φ production is 3.3 µb and the
φ meson decays into K0K0 with a branching fraction of ∼34%. The initial
state of the kaon pair is produced via strong interaction with quantum
numbers JPC = 1−−:
|i〉 = |K0〉|K0〉 − |K0〉|K0〉√
2
= N (|KS〉|KL〉 − |KS〉|KL〉), (1)
where |KS/KL〉 = (1 + εS/L)|K0〉 ± (1− εS/L)|K0〉 and εS/L = ε± δ. The
two kaons are in an antisymmetric correlated state and the time evolution
of their state in two different final states f1 and f2 for the two kaons as a
function of the difference of decay time (∆t = t2 − t1) can be expressed as
the decay intensity as a function of ∆t:
If1f2(∆t) ∝ |η1|e−ΓL∆t + |η2|e−ΓS∆t
−2e− (ΓS+ΓL)2 ∆t cos(∆m∆t+ φ2 − φ1), (2)
where
ηj = 〈fj |KL〉/〈fj|KS〉 = |ηj |eiφj . (3)
2. CPT and Lorentz symmetry breaking
A general theoretical possibility for CPT violation is based on sponta-
neous breaking of Lorentz symmetry, as developed by Kostelecky´:3–5 the
Standard-Model Extension (SME).
In SME for neutral kaons, CPT manifests to lowest order only in the
CPT violation parameter δ, and exhibits a dependence on the 4-momentum
of the kaon:
δ ≈ i sinφSW eiφSW γK(∆a0 − ~βK ·∆~a)/∆m, (4)
where γK and ~βK are the kaon boost factor and velocity in the observer
frame, and ∆aµ are the CPT violation coefficients for the two valence quarks
in the kaon.
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The time dependence arising from the rotation of the Earth can be ex-
plicitly displayed in Eq. (4) by choosing a three-dimensional basis (Xˆ, Yˆ , Zˆ)
in a nonrotating frame, with the Zˆ axis along the Earth’s rotation axis, and
a basis (xˆ, yˆ, zˆ) for the laboratory frame.4 The CPT violating parameter δ
may then be expressed as:
δ(~pK , t) =
i sinφSW e
iφSW
∆m
γK
[
∆a0 + βK∆aZ(cosϑ cosχ− sinϑ cosφ sinχ)
−βK∆aX sinϑ sinφ sinΩt
+βK∆aX(cosϑ sinχ+ sinϑ cosφ sinχ) cosΩt
+βK∆aY (cosϑ sinχ+ sinϑ cosφ sinχ) sinΩt
−βK∆aY sinϑ sinφ cosΩt
]
, (5)
where t is the sidereal time, Ω is the Earth’s sidereal frequency and χ is the
angle between the Earth rotation axis and the zˆ direction in the laboratory
frame.
Since inside the KLOE detector, kaons are produced in almost all di-
rection, it is possible to use the experiment like a telescope to explore any
direction in the space by using two different method to measure the ∆aµ
parameters of Eq. (4):
• by studying the sidereal time variation of the semileptonic asym-
metry of the KL and KS. A preliminary measurement of the
∆a0 has been already performed with KLOE data using the dif-
ference between the semileptonic asymmetries of KS and KL:
∆a0 = (0.4± 1.8)× 10−17GeV.6
• by studying the quantum interferometry between the two kaons,
Eq. (2). In this case, two different final state can be considered:
(πl+ν, πl−ν) and (π+π−, π+π−).
In the following we will focus on interferometry with the channel
φ→KSKL→π+π−π+π−. Detailed discussion concerning other methods can
be found elsewhere.6 Using this channel the two kaons decay both in the
same final state, but have opposite momenta and experience different direc-
tion in the space. For instance, we can distinguish between the two kaons
by their forward or backward emission. In this way it is possible to de-
fine as K+ (K−) the one going in the forward (backward) direction with
cos(ϑ) > (<) 0. The ratio of amplitudes in Eq. (3) is η± = ε− δ(~p). Since
the kaon momenta are opposite, a small asymmetry in the decay intensity
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I±(∆t) will appear and the following ratio will be different from zero:
A(∆t) =
I±(∆t > 0)− I±(∆t < 0)
I±(∆t > 0) + I±(∆t < 0)
. (6)
The above asymmetry for ∆t≫ τS tends to zero, because ε and δ are 90◦
out of phase:7
A(∆tτS) ≃ −2ℜ
(
δ
ǫ
)
∼ 0, (7)
while for |∆t| ≤ 5τS
A(|∆t|5τS) ∝ −2ℑm
(
δ
ǫ
)
(8)
and therefore to ∆aX,Y,Z .
With analysis based on 1 fb−1 we get a preliminary result on ∆aX,Y,Z :
8
∆aX = (−6.3± 6.0)× 10−18 GeV,
∆aY = (2.8± 5.9)× 10−18 GeV,
∆aZ = (2.4± 9.7)× 10−18 GeV. (9)
This analysis scheme using the simple forward backward asymmetry is
not sensitive to ∆a0 and its effect is washed out in the asymmetry Eq. (5)
and Eq. (6). As shown in Eq. (4) this parameter is coupled only with the
γK factor. Since at DAΦNE the φ is produced with a small boost in the
horizontal plane the kaons have different values for γK as a function of the
azimuthal angle. The ratio of the decay intensities I±(∆t) distribution for
events in which the K+ propagates opposite or along the φ momentum will
enhance the small asymmetry introduced by the ∆a0 component of the δ
parameter. For values of ∆a0 of the order O(10−18) we expect an effect on
the I±(∆t) up to 1%-2% in the region |∆t| < 5τS from which we expect to
be able to put limits of the order O(10−17)-O(10−18).
The ∆aµ parameters can be all simultaneously measured by performing
a proper sidereal time dependent analysis of asymmetries of I±(∆t), Eq. (2)
and Eq. (5). An accuracy O(10−18) GeV could be reached with the analysis
of the full KLOE data sample.
3. Conclusions and future plans
All four ∆aµ parameters of the SME can be independently measured at
KLOE, completing results obtained by fixed beam experiments.
The continuation of the KLOE physics program with KLOE-29 at an
improved DAΦNE machine is currently starting. The data taking campaign
November 1, 2018 4:17 WSPC - Proceedings Trim Size: 9in x 6in cpt10˙adesantis
5
will be organized in two different steps. During the first one we will dou-
ble the statistics already taken by KLOE with a new beam interaction
scheme10 and with the inclusion of two pairs of electron-positron taggers11
for the study of the gamma-gamma physics. The second phase aims to an
integrated luminosity of ∼25 fb−1 including several upgrades for the KLOE
detector:
• a pair of crystal calorimeters (CCALT12) near the interaction re-
gion to improve the angular acceptance for low-θ particles;
• a pair of tile calorimeters (QCALT13) covering the quadrupoles
along the beam pipe made of tungsten foil and singly read-out scin-
tillator tiles to improve the angular coverage for particles coming
from the active volume of the DC;
• a small and light tracker (IT14) made of four planes of cylindrical
GEM to improve the resolution of the vertex reconstruction around
the interaction point and to increase the low-θ charged particles
acceptance.
One of the main physics issue of KLOE-2 is the search for CPT violation
effects; limits on several parameters are expected to be improved by about
one order of magnitude.
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